Abstract: The ability of proportional integral (PI) and proportional integral derivative (PID) controllers to compensate many practical industrial processes has led to their wide acceptance in industrial applications. The requirement to choose either two or three controller parameters is perhaps most easily done using tuning rules. A summary of tuning rules for the PID control of single input, single output (SISO) processes with time delay is provided in this paper.
INTRODUCTION
This paper summarises some of the most directly applicable tuning rules for PID controllers that have been developed to compensate SISO processes with time delay, modeled in either first order lag plus delay (FOLPD) form or integral plus delay (IPD) form. It is a companion paper to that of O'Dwyer (2000a) 
Tuning rules for these and other such PID controller structures are explicitly indicated; in all cases, numerical data is quoted to a maximum of two places of decimals. Most authors recommend application of the tuning rules for a range of model time delay to time constant ( τ m m T ) between 0.1 and 1.0; this data, together with other relevant comments, is provided by O'Dwyer (2000b) . Results from the analytical calculation of robustness criteria associated with a number of tuning rules, for a range of τ m m T values, are presented in Section 4. A list of symbols and abbreviations used in the paper is provided in the appendix. Ziegler and Nichols (1942) aT K . 
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SIMULATION RESULTS
Space considerations dictate that only representative simulation results may be provided. In these results, approximate gain margin and phase margin are analytically calculated, using the method outlined by Ho, et al. (1996) , for processes compensated using an appropriately tuned PID controller. The MATLAB package has been used in the simulations. The same tuning rules are used in Figures 1 and 2 ; similarly, the same tuning rules are used in Figures April 4-7, 2000, pp. 242-247. These simulations reveal the following:
(1) Typically, the analytical calculation of the phase margin is real (and positive) in a restricted range of ratios of τ m m T ; the range allowed is very limited for many tuning rules. Typically, the gain margin is real and positive over a much wider range.
(2) The process reaction curve tuning rule of Cohen and Coon (1953) gives rise to a smaller gain margin (and approximately equal phase margin) to that of Ziegler and Nichols (1942) , indicating that the closed loop response associated with the application of the former tuning rule may be expected to be more oscillatory. This is compatible with application experience. (3) Both the gain and phase margins are larger for the tuning rule of Abbas (1997) , when the design criteria is to achieve 0% overshoot in the closed loop response, compared to when the design criterion is to achieve 20% overshoot. This is as expected. (4) The tuning method of Tsang et al. (1993) gives a constant gain margin and an almost constant phase margin. The nature of this tuning rule has interesting similarities to the tuning rules that give rise to constant gain and phase margins when a PI controller is used (O'Dwyer, 2000a) . It is also clear that the tuning rules may be used at ratios of τ m m T outside the normally recommended range of 0.1 to 1.0. (5) If the data in Figures 1 and 2 is compared with the corresponding data (O'Dwyer, 2000a) , it is clear that the gain margin of the PID controller is significantly lower than that of the corresponding PI controller, when the Ziegler and Nichols (1942) tuning rules are used. The phase margin is also mostly higher for the PI controller. This indicates that the PID controller should offer a faster response (to a step input in servo mode, for example). Similar comments apply for many other tuning rules. A fuller panorama of simulation results show that stability tends to be assured when a PI controller tuning rule is used. Thus, a cautious design approach is to use a PI controller, with an appropriate tuning rule, particularly at larger ratios of time delay to time constant.
CONCLUSIONS
A large number of PID controller tuning rules have been defined in the literature to compensate SISO processes with time delays. The paper has presented a flavour of the variety of tuning rules defined. Some results associated with the analytical calculation of the gain margin and phase margin of compensated delayed systems, as the ratio of time delay to time constant varies, have also been presented. Future work will concentrate on further analytical evaluation of the robustness of delayed processes compensated using tuning rule based PID controllers. 
